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METHOD AND APPARATUS FOR DIRECT
FORMATION OF NANOMETER SCALED
FEATURES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of U.S. Provisional Patent

Application Ser. No. 61/880,521, filed Sep. 20, 2013, which
1s mncorporated herein by reference.

FIELD

The embodiments herein relate to the field of forming
sub-micron size features on or 1n a surface ol a workpiece.
More particularly, the embodiments relate to formation of
nanometer scaled features on or I workpieces, such as
semiconductor substrates used 1n the manufacture of inte-
grated circuit devices, without using the traditional litho-
graphic steps of resist coating, electromagnetic energy expo-
sure ol the resist through a mask, developing of the resist,
ctching of one or more layers of underlying material using
the developed resist as a mask, and then removing the mask.

DESCRIPTION OF THE RELATED ART

The unrelenting demand for smaller integrated circuits,
coupled with the unrelenting demand for greater density of
the devices 1n these circuits, has resulted 1n an evolutionary
reduction in device halfl pitch, 1.e., one half the distance
between adjacent devices on the water, to 22 nm today, and
a demand to further reduce the hall pitch, and size, of
devices. To form devices at this spacing, and to enable the
interconnection of such features which are spaced at, and
s1zed below, the resolution limit of the 192 nm electromag-
netic wavelength used to expose the photoresist, special
lithography and masking paradigms have been created.
However, although these techniques are capable of forming
devices of a size, and spacing, below the resolution limit of
the electromagnetic energy used to expose the resist, the
variation in the resulting devices 1s unacceptably high, the
yield of good devices 1s lower than acceptable, and the costs
inherent 1n multiple patterning steps, immersion lithography,
and other such special handling steps has resulted 1n higher
costs to manufacture the resulting integrated circuits than 1s
desirable.

Additionally, as the device spacing and size shrinks, the
spacing and sizes of the conductive lines and pillars (con-
tacts and vias) used to connect the devices into an integrated
circuit are also shrinking. In an integrated circuit having a
multi-level interconnect architecture, the spacing and size of
the conductors 1s larger the turther the interconnect layer 1s
from the water (device layer). As the device size shrinks, the
feature size and spacing of the interconnect layer at the
device layer likewise shrinks, as do the layers immediately
adjacent thereto. As a result, the cost of forming the inter-
connections between devices increases as well, and the
yield, throughput and device quality also decrease as a result
of 1ssues 1n the formation of these interconnect layers.

SUMMARY OF THE INVENTION

The embodiments herein provide for the deposition and
ctch of sub-micron, nanometer sized features on workpieces,
using a microtip array or arrays having individual tips which
are 1ndividually addressable with an electric potential, to
cause a reactant or precursor to locally react 1n an area
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immediately adjacent to the individual energized tips, to
form a deposit on the workpiece, or to etch an underlying
material of the workpiece, with the product of the reaction.
In one aspect, the microtip array 1s configured having
thousands to billions of individual tips, and each tip may be
individually configured to pass an electrical current there-
through and thereby provide suflicient energy to cause a
reactant or reactants to react and form the deposit or etchant.
In another aspect, an etching reaction may be accomplished
directly on a previously existing material, without the need
for a further reactant precursor. In a still further aspect, the
embodiments may be used to directly modily nanometer
s1zed portions of a substrate material, or doping such mate-
rials at a nanometer scale.

In embodiments herein, a plate having a number of
individually biasable tips extending or extendable therefrom
(a t1ip plate), 1s configured to be selectively positionable over
multiple process zones of a workpiece 1n a continuous or a
stop start movement, also known as stepping. At each step,
or as the tips are moving, a precursor gas 1s introduced
between tip end and the workpiece, and a voltage potential
1s applied to selected tips to cause the precursor gas to react,
and thus modily the workpiece surface, such as by depos-
iting a reactant result on the workpiece, or etching a portion
of the workpiece using the product of reaction, with the
portion of the workpiece atlected being on the order of the
diameter of the end of the tip. Additionally, the tip plate and
workpiece are configured for finer movement with respect to
one another on the order of less than the diameter of the end
of a tip, such that previously formed features may be
sequentially partially overwritten, for example when the tip
plate 1s 1n a stepping mode, to form a line by moving the tips
by this finer distance and again applying the potential to
again cause a deposit on, or etching of, the workpiece
surface. This 1s repeated, over the surface of the workpiece,
to form nanometer scaled features on or in the workpiece
surface. The tips have a diameter on the order of 1 to 30
nanometers, more preferably on the order of 1 to 10 nm, and
when a voltage 1s imposed thereon and the tips are closely
spaced from the workpiece, such as on the order of 5 to 20
nanometers from a workpiece surface, a precursor located
between the workpiece and the tip may be locally broken
down 1nto one or more of 1ts constituent elements. In one
aspect, the precursor 1s an ALD precursor, and a layer of the
ALD precursor 1s formed on the workpiece before the
voltage 1s applied to the tip, and the application of the
additional precursor and a voltage at the tip causes the ALD
reaction to progress, and thus leaves a desired atomic species
of the precursor on the workpiece while remaining species
of the precursor are vented from the workpiece surface. In
another aspect, the precursor(s) are not previously bound to
the workpiece, and the voltage potential at the end of the tip
causes a deposition or etch reaction mvolving the precursor
to occur at the workpiece surface.

In the embodiments, the tip plate 1s provided as a least a
row of spaced tips disposed along a line, or a plurality of tips
arranged 1n lines, and the lines arranged 1n adjacent rows, to
form a three-dimensional array of individually addressable
tips. In one aspect, an array 1s provided which includes a
plurality of rows of tips, wherein the row 1s at least as long
as the largest width dimension of the workpiece surface to
be processed, and a plurality of parallel rows are provided
over the span of the tip plate. The rows may be spaced at the
same pitch (center to center spacing) of the tips, or the row
spacing may be diflerent than the spacing of the tips in the
rows. Additionally, the tip positions 1n adjacent rows may be
oflset from row to row. The tips are individually addressable
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by interconnection to a ftransistor array, such as by
nanowires, such that an individual transistor in the array 1s

interconnected, at its drain, to an individual one of the tips.
The individual transistor gates are selected to open or close
based on a controller parameter, to selectively energize
individual ones of the tips to cause the reaction of a reactant
and the corresponding etch or deposition eflect.

The individual tips may be etched from a silicon layer
using a patterned resist, a silicon oxide hardmask, and for
example a fluorine or chlorine based chemaistry, or a mixture
thereot, to selectively etch away the underlying silicon to
leave extended conical tips on the order of 100 or more nm
in height therein. The silicon layer may be provided from a
portion of a single crystal substrate, such as a silicon
substrate wherein a transistor array for controlling the acti-
vation of individual tips has been or will be formed, or from
a material layer grown over a transistor array. The individual
tips are formed 1n registration with an interconnect
(nanowire) connected to the drain of an individual drive
transistor of the array, such that, upon fabrication, each tip
1s individually addressable and can be charged to a potential
via a single transistor of the array. The underlying material
in which the tips are formed may be first formed nto
individual 1solation regions, again by patterning a photo-
lithographic mask by e beam lithography, forming indi-
vidual trenches surrounding each area 1n which a tip 1s to be
formed, and filling the trench with an isolating material.
Thus, an array of nano-dimensioned tips may be formed 1n
clectrical 1solation from one another, and may be 1ndividu-
ally addressed with a potential suilicient to cause a reaction
of a precursor reactant in an area on the order of the diameter
of the end of the tip, to form features on a substrate having
dimensions of a scale of the tip.

In another embodiment herein, a tip plate having 100,000
rows and 100,000 columns of tips, wherein the tips are
spaced 20 nm apart center to center along a row, provides a
tip plate having 10 billion individual tips in an area of 4
square millimeters. The tip plate may be scanned over the
workpiece, the workpiece scanned with respect to the tip
plate, or they may both move. As the tip plate changes
position with respect to the workpiece, the individual tips
thereol are individually addressed to impose an electrical
potential thereon to cause the deposition or etching reaction.
The scanning may be continuous with the potential main-
tained on the tips, or 1t may be a stepping arrangement
wherein the tips are energized only when the tip plate 1s
stationary, and the tip plate 1s again stepped or scanned 1n a
fine motion step to a new location before the potential 1s
again applied to the tips.

The tip plate may be used to directly form three dimen-
sional, nanometer dimensioned, features on the workpiece.
By imposing a proper voltage on an individual tip of the
array, the bonds between the atomic species 1n a precursor
molecule disposed between the tip and the workpiece may
be broken or disassociated, resulting in the formation of a
deposition or etch species 1n the small space between the tip
and the workpiece. By proper movement of the tips by
movement ol the array, three dimensional features such as
lines may be etched or deposited, all at an nanometer scale,
thereby bypassing traditional, electromagnetic wavelength
limited, photolithographic processing for the formation of
very fine, 1.e., very small, workpiece features.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the above recited features of
the present mvention can be understood in detail, a more

10

15

20

25

30

35

40

45

50

55

60

65

4

particular description of the invention, briefly summarized
above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It 1s to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not
to be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

FIG. 1 1s a sectional schematic view of a process chamber
usetul for practicing the embodiments disclosed herein;

FIG. 1A 1s a schematic view of a tip plate according to one
embodiment;

FIG. 2 1s a partial perspective view of a tip plate showing,
the configuration of a plurality of tips thereof;

FIG. 3 1s a schematic side view of a series of three tips
showing the relative spacing between the tips on the tip
plate, and of the tip plate and workpiece;

FIG. 4 1s a partial plan view of a workpiece showing a tip
plate path and alignment features of a workpiece;

FIG. 5 1s a schematic side view of the tip plate;

FIG. 6 1s a schematic top view of the tip plate;

FIG. 7 1s a partial plan view of the workpiece, showing a
plurality of reference locations thereon;

FIG. 8 1s the partial plan view of the workpiece of FIG.
7, showing deposition at four locations thereon;

FIG. 9 1s the partial plan view of the workpiece of FIG.
8, showing additional deposits thereon to begin the forming
ol deposited lines on the exposed surface of the workpiece.

FIG. 10 1s the partial plan view of the workpiece of FIG.
9 showing a line spanning two reference positions and a
partially completed line, as well as a single deposition at one
reference position;

FIG. 11 1s the partial plan view of the workpiece of FIG.
10 showing further deposition to further define the partially
completed lines;

FIG. 12 1s a schematic view of a second line being
deposited over a prior a deposited line to increase the
thickness thereot, wherein the second line 1s offset from the
position of the first line on oflset lines to better show the
relative position of the deposits at each tip deposition
position;

FIG. 13 1s a partial plan view of a workpiece shown the
location of four localized etchings therein;

FIG. 14 1s a sectional view of an etched feature of FIG. 13
at section 14-14;

FIG. 15 1s the partial plan view of the workpiece of FIG.
13, showing further etching thereof;

FIG. 16 1s the partial plan view of the workpiece of FIG.
15, showing a line having been etched into the surface
thereof;

FIG. 17 1s the partial plan view of the workpiece of FIG.
16 showing a U-shaped trench or line having been etched
into the exposed surface thereof;

FIG. 18 1s a sectional view of the workpiece of FIG. 17
at section 18-18:

FIG. 19 15 a sectional view of the workpiece of FIG. 17
at section 19-19:

FIG. 20 1s a plan view of one embodiment of the work-
piece support of FIG. 1;

FIG. 21 1s a side view of the workpiece support of FIG.
20;

FIG. 22 1s a plan view of one embodiment of the work-
piece support of FIG. 1, schematically 1llustrating an alter-
native tip plate;

FIG. 23 1s a partial sectional view of a portion of a
precursor to a tip plate, wherein a patterned masking mate-
rial 1s formed over the material from which the tips will be
formed;
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FIG. 24 1s a partial sectional view of a portion of a
precursor to a tip plate, wherein an 1solation trench has been

formed into the material from which the tips will be formed;

FIG. 25 15 a plan view of the portion of the precursor of
a t1p plate shown 1n section in FIG. 24 showing the outline
of a trench formed therein:

FIG. 26 1s a partial sectional view of a portion of a
precursor to a tip plate, wherein an 1solation trench has been
filled with an 1solation material;

FIG. 27 1s a partial sectional view of the portion of a
precursor to a tip plate of FIG. 26, wherein a patterned
masking material has been formed thereon;

FIG. 28 1s a sectional view of the portion of a precursor
to a tip plate of FIG. 27, showing individual tips forming
during etching of the patterned masking material;

FIG. 29 15 a sectional view of the portion of a precursor
to a tip plate of FIG. 27, showing individual tips formed
therein;

FIG. 30 1s a sectional view of the tip array of FIG. 29,
showing a spin on protective coating formed thereover to
leave only the ends of the individual tips exposed;

FIG. 31 1s a sectional view of the tip array of FI1G. 30, after
turther processing of the ends of the tips; and

FIG. 32 1s a schematic view of a drive circuit for several
individual tips of the tip array.

DETAILED DESCRIPTION

Referring to FIG. 1, an 1solation chamber 10, in which a
workpiece support 20, for replaceably supporting a work-
piece 30 thereon, 1s shown schematically. The chamber 10 1s
preferably a vacuum chamber, which may be pumped to a
low pressure in the 1077 to 107 torr range to remove
contaminants and potential reactants other than desired
reactants, and the chamber may be then backfilled with an
iert species such as argon and/or the reactant precursor
chemistry(s). Chamber 10 also includes a loading port (not
shown), such as a gate or slit valve, through which a
workpiece 30 may be placed into, and removed from, the
chamber 10 and the chamber resealed by closing of the
loading port 40, an exhaust 50 leading to a vacuum pump
and facility exhaust system (not shown), and gas inlets 60,
62 and 64, all shown schematically. During use of the
chamber 10 to process a workpiece 30 therein, the vacuum
pump and exhaust 50 may be used to reduce the internal
pressure 1n the chamber to a sub-atmospheric pressure, and
inlets 60 to 64 may be used to mtroduce gases, such as nert
gases and process gases, 1nto the chamber 10. Loading port
may be selectively opened to load and unload a workpiece
30 onto and from the support 20, using a robotic or manual
loading device, as 1s well known 1n the art. Thus, chamber
10 provides a sealable enclosure within which workpieces
30, such as semiconductor walers, may be serially pro-
cessed.

Referring still to FIG. 1, tip plate 100 1s also provided
within the sealable enclosure provided by chamber 10, and
1s positioned over the workpiece 30 by being supported over
support 20 on the underside of shelf 110. In this embodi-
ment, tip plate 100 1s configured of a plurality of tips 1n an
equal number of rows and columns fashion, such that a
billion mdividually addressable tips, separated by a pitch of
20 nm from row to row and column to column, 1s provided.
As 1s shown 1n FIG. 1, in the embodiment of FIG. 1 the shelf
provides a large mass supported from the sidewalls of the
chamber 10, and 1s actively cooled or heated to maintain the
shelf, and thus the tip plate 100, at the same temperature as
the workpiece 30. A controller 112 1s configured to control
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the movement of the workpiece support 20 relative to the tip
plate 100, direct the alignment of the workpiece 30 and tip
plate 100, and monitor the temperatures of the workpiece 30
and tip plate 100 and maintain their temperatures at a
constant state by active cooling or heating therecon. By
motion of the workpiece support 20 in the x and y directions,
the tip plate 100 maybe scanned 1n a plane parallel to the
plane of the workpiece, 1n a spaced relationship with respect
thereto. The workpiece support 20 may also be raised and
lowered to set a desired spacing between the tips of the tip
plate 100 and the workpiece 30. A rotation, or theta adjust-
ment mechanism, may also be provided to change the
relative rotational position of the workpiece support 20, and
thus the workpiece 30. To determine the relative location of
the tip plate 100 and workpiece 30, the shelf 110 also
includes a tip plate to workpiece imaging system 120. The
tip plate to workpiece 1imaging system includes a pair of
cameras (not shown) configured to obtain an 1mage of the
workpiece, to enable alignment of the tip plate 100 to a
feature on the workpiece as will be described herein.

T1p plate 100 1s, 1n this embodiment, on the order of 4 by
4 mm, having a billion individually addressable tips therein.
For sake of clanty, only a portion of the tips, in the
description herein individual tips 130a-i, are described with
respect to the embodiment. As shown 1n FIGS. 2 and 3,
wherein FI1G. 2 1s a view of a very small portion of the tip
side of tip plate 100, a plurality of individual tips 130 a-i are
shown, and they extend outwardly from the underside of the
tip plate 100. As shown m FIG. 3, each tip 130 includes a
shank portion 132 extending from a base 134, and a tip end
136 forming the terminus of the shank portion 132 extending
from the base 134. The base 134 of each tip 130 1s electr-
cally 1solated from the base 134 of the other 1n the tip plate
100, and they together form an array of individually elec-
trically chargeable (addressable). Additionally, each tip 130
extends from the base 134 by the same height H, and has the
same rounded tip 136 diameter “d”.

The process position of the tip plate 100 relative to the
workpiece 1s shown in FIG. 3. In the embodiment, the
individual tips 130 (only tips 130a-c can be seen) are spaced
apart by a pitch P of 20 nm between tip 130 centers, the
individual tips extend from the base of the tip plate 100 by
a distance H of 100 nm, the tip diameter d at the end thereof
1s on the order of 5 nm, and the spacing between the tip 136
and the exposed surface 32 of the substrate 30 1s about 10
nm. To show detail, the Figure, in particular the spacing
from the end 136 of the tips and the workpiece 30, and the
diameter of the tips 30 at their end, 1s not to scale.

To finely position the tip plate 100 relative to a desired
process position, the workpiece support scans the workpiece
30 with respect to the tip plate 100. The tip plate 100 1s
positioned over workpiece on the underside of shelf 110,
through which cameras 122 extend (FIGS. 5 and 6). As the
workpiece surface 1s scanned under the tip plate 100, an
alignment mark (one of marks 138 to 140 of FIG. 4) will
pass under the tip plate. Once an alignment mark 1s encoun-
tered, the 1maging system causes the tip plate 100 and
workpiece 30 to move with respect to each other, to enable
at least one of the two cameras to 1mage three different
alignments marks, and thereby triangulate the position of the
tip plate 100 with respect to the workpiece 30. Then, the
workpiece support 1s moved 1n the x, y and z directions of
FIGS. 1 and 6 to position the tip plate 100 over the desired
process position, for example position 200 of FIG. 4.

Referring now to FIG. 4, the tip plate 100 1s shown having,
a rectangular profile, such that the tip plate projects an
“1mmage” of approximately 4 mm by 4 mm on the surface of
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the underlying workpiece. The tip plate 100 and or the
workpiece are moveable with respect to one another, to scan
the position of the tip plate 100 with respect to the workpiece
30. In this embodiment, the tip plate 100 1s moved along a
series of parallel, straight lines paths, such that the position
of the tip plate 100 will slightly overlap a prior position
thereol over the workpiece 30. Thus, the tip plate 100 may
be moved from position 200 to position 202 to position 204
in the x direction of the Figure, and then move 1in the Y
direction to position 304, and thence to position 302 and
position 300. The workpiece support 1s configured to enable
the tip plate 100 to be positioned over the entire width of the
workpiece, and to likewise be move step wise, between
width scans, 1n the orthogonal direction of the width scans
by the width, or less than the width, of the tip array of the
tip plate 100.

Imaging system 120 (FIG. 1) 1s provided to image align-
ment marks on the workpiece 30 exposed surface, and
thereby provide ‘rough’ alignment of the tip plate 100 to the
exposed surface. In the following example, workpiece 30 1s
a semiconductor water, having an edge region (bevel) 122
on which devices will not be formed, and a field region 124
extending inwardly therefrom on and 1n which devices will
be formed. The watler also includes at least one notch 126
extending mmwardly of the bevel 122, and a plurality of
alignment marks (marks 138, 140 and 142) shown, which
are formed within areas of the waler on which no device 1s
to be formed, for example the scribe line area where
individual chips are cut from a wafer.

Additionally, at each position 200, 202, 204 ¢t seq., the
relative position of the tip plate 100 and workpiece 30 may
be finely adjusted, with relative movement thereof incre-
mentally from less than a nanometer to slightly more than
twice the tip spacing of pitch P, to enable writing of three
dimensional features on or in the exposed surface of the
workpiece. To enable such motion, the tip plate 100 1s
maintained 1n a stationary position, and piezoelectric actua-
tors 2030 (FI1G. 20) are used to move the workpiece support
20 1n the x and y directions. Thus, by positioming tip plate
100 at a desired position over the workpiece exposed surface
32 and individually imposing a selected potential on selected
ones of the tips in the presence of a deposition or etch
precursor, individual features may be formed on or in the
exposed surface 32 of the workpiece. Additionally, as shown
schematically in FIG. 1A, the tip plate 100 1s supported from
the shelf 110 by a plurality of piezoelectric actuators 300a-d,
cach attached to the tip plate 100 near a corner thereof. The
actuators 300a-d are provided to enable alignment of the tip
plate 100 such that the individual tips thereol are evenly
spaced from the surface of a workpiece. To perform the
alignment, the tip plate may be located at a workpiece
location 1n a position approximating the desired spacing of
the tip ends from the workpiece, and a deposition or etch
reaction using a preselected number and location of tips on
the tip plate 1s undertaken. The tip plate 1s then moved to
enable the imaging system 120 to image the aflect of the
reaction, and based upon the resulting variation (or non-
variation) 1n the pattern from a desired pattern, the tip plate
100 may be moved closer or further from the workpiece,
and, the comners of the tip plate 100 may also be moved
different amounts to compensate for location based variation
caused by tilting of the plane of the tip ends 136 with respect
to the workpiece, on the order of less than a nm by the
actuators 300a-d. This procedure may be repeated multiple
times at a desired location on the workpiece to stabling the
desired orientation of the tip plate 100 and also determine
any localized variation 1n the deposition not caused by tilt.
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This second variation may be then compensated for 1in other
ways during the deposition or etching process, such as by
changing the voltage on individual tips where the deposition
or etching would otherwise vary, compensating the stepping
distance of the tip plate at that location, or varying the tip to
workpiece distance as different tips having different process
properties are energized.

To establish alignment of the tip plate 100 to an initial
deposition or etch location, a feature 1s created using the tip
plate and the precursor, and the location of that feature (or
a plurality of features in a geometric pattern) are imaged by
the 1maging system 120 and compared to the location of
fiducial marks or features on the substrate, and the oflset
between the desired and actual location of the features 1s
determined. The ofifset 1s used to provide a correction to the
positioning of the tip plate for deposition. Thereatter, as the
tip plate 100 movement exposes the features being formed
thereby, the 1maging system 120 compares the expected to
desired location of the features to enable continuous on-the-
fly correction of the tip late 100 location. Further, to help
maintain alignment, the temperature of the tip plate 100, and
the substrate 2000 being processed, may be closely con-
trolled.

The individual tips 130 of the tip plate 100 in this
embodiment are arrayed in a rectilinear grid, wherein the
tips are spaced 20 nm apart, center to center, 1n both the row
and the column direction. Thus, once the tip array 1s posi-
tioned over a desired location, the fine position adjustment
need only move the workpiece 30, with respect to the tip
plate 100, by the spacing between the tips 1n two normally
disposed directions, to enable a tip of the tip array to overlay
every position on the water. Thus, by incrementally moving
the water with respect to the tips, three-dimensional features
such as lines may we written on the wafer.

Referring now to FIGS. 7 to 12, an example of the use of
the tip plate 100 of the tip plate 100, to form a feature on the
exposed surface of the water, 1s shown. In these Figures, the
features are provided by the breakdown of a precursor
molecule to provide an atomic species to deposit on the
substrate. The Figures, and accompanying text, provide a
description of the use of the tip plate 100 to deposit lines and
pillars of a nanoscale size on the exposed surface of the
substrate. Again, 1n these Figures, the use of the tips 130a-i
are described, although one skilled in the art will readily
appreciate the extension of the description to the entire tip
plate 100.

Referring first to FIG. 7, an area of the exposed surface 32
of the workpiece (waler) 30 1s shown, wherein the area
shown 1s slightly larger than the area of the tips 130a-i
shown 1n FIG. 2. For purposes of illustration, the exposed
surface 32 includes a number of locations 501a-i, each
corresponding to the initial location of a corresponding one
of tips 130a-i therecover. As a result, the distance from
between the centers of adjacent locations, for example
between location 501a and 5015, or between 501a and 5014
1s the same as the center to center distance of adjacent tips
130, 1in thus embodiment 20 nm. Additionally, as shown 1n
dashed line form at location 501c¢, the tip 130c overlies the
workpiece to cast a 5 nm projection thereon, where the tip
has a 5 nm diameter. It 1s believed the affected region of the
workpiece as a result of a reaction with a precursor using the
herein will have approximately the same diameter as a tip,
and this will be used herein to discuss the operation of the
tip plate 100 to wrte three-dimensional features of the
workpiece. Additionally, the individual locations 501a-/
correspond to the original locations of one of the tips 130a-i
of FIG. 2, where the letter designations show the correspon-
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dence, 1.¢., location 501aq 1s the original position of tip 130aq,
location 5015 1s the original location of tip 1305, efc.

The deposition and etching of features using the tips 130
a-i of the tip plate 100 will be now be described with respect.
Beginning at FIG. 8, a workpiece having a surface on which
a deposition maternial 1s to be deposited 1s provided. The
deposition material 1s used to form lines and individual
pillars of deposition material on a nanometer scale through
the use of the tip plate 100, by causing a reactant, with the
input of electrical energy provided at any individual tip 130,
to release therefrom a deposition material such as atoms or
compounds of deposition material. In the example of the
embodiment, the deposition material 1s described as Silicon,
which may be released from a reactant comprising silane,
trichlorosilane, etc. Silane, for example, comprises Silicon
and Hydrogen, and upon the mnput of the proper amount of
energy, silicon and hydrogen separate, and the silicon may
deposit on the adjacent exposed surface 32 of the substrate
30. Comparing FIGS. 7 and 8, four deposition regions 510,
cach having a diameter on the order of 5 nm, have been
deposited on the exposed surface 32 of the workpiece 30.
These deposits are formed at location 501c¢, e, f and g, by
imposing a potential capable of breaking down a silane
based precursor on only ¢, e, I and g, and maintaining tips
501 a, b, d, h and i 1n a grounded or floating state.

Referring now to FIG. 9, the effect of further processing
of the workpiece 1s shown. In the Figure, only two additional
deposition regions 312 can be seen adjacent to, and partially
overlapping the previously deposited matenial deposited at
location 501e and 501¢. The remaining locations remain 1n
the condition following the step illustrated at FIG. 8. This 1s
provided by moving the workpiece to the left in the Figure
by about one-half the diameter of the tips, and energizing
only ¢ and g to provide a deposit overlying the previously
formed deposit. Referring to FIG. 10, there are shown a
plurality of further deposits along the trajectory to the right
of the Figure. The additional deposits made 1 FIGS. 9 and
10 were likewise created by breaking down the silane
precursor, and the workpiece support has incrementally
moved the workpiece to the left of the Figures (x-direction
of FIG. 6) by one-half the tip diameter after each deposit was
formed, and only e and g had a potential thereon.

As 1s seen 1n FIG. 10, a total of five deposits were made
extending from original location 501g by imposing a poten-
tial on tip 130g at the 1nitial deposition location and at four
additional sequential steps, and a total of seven deposits 510
to 524 were made to connect a line between original position
501e with the deposit 510 made at location 501/, to form an
interconnecting line therebetween. Without considering the
ellect of scalloping occurring along the sides of the resulting
lines, lines on the order of 5 nm wide, and for example over
20 nm long as extends between locations 501e and 501/,
may be formed.

Referring now to FIG. 11, one can see the effect of
moving the workpiece 1n a direction upwardly and down-
wardly on the page, (direction Y of FIG. 6) 1n this case,
upwardly on the page to position the tip 130g to the right of,
and below, the original position 301g to form deposit 326 as
shown. Continued motion of the workpiece support toward
the top of the Figure (page) will result 1n additional deposits,
thereby forming an L shaped line. Additionally, by incre-
mentally moving the workpiece support 1n both directions
simultaneously, or sequentially before the next deposit 1s
formed, a line running along a diagonal of the Figure may
be written.

It 1s contemplated herein that using a tip diameter of 5 nm,
a one to three atom thick layer of a corresponding approxi-
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mately 5 nm diameter can be formed during each deposition
step. To form a line of a finished thickness thicker than a few
atoms as measured from the exposed surface 32 of the
substrate 30, a previously formed line may be overwritten,
as shown 1n FIG. 12. In FIG. 12, the onginally written line
1200 1s shown 1n dashed outline, comprising six deposits
1210-1220 having a diameter on the order of 5 nm, aligned
in a straight line path, and the second line 1s shown spaced
from the first line for clarity only, and the alignment thereof
to the first line 1200 1s along ofisets 1240, 1240'. In the first
deposited line 1200, at each deposit step, the tip plate 100 1s
moved in the same direction, by one-half of the tip diameter.
Thus, the edge of deposit 1212 extends to the center 1242 of
the ﬁrst deposit 1210. This results in a line having a
thickness of a few atoms which has a scalloped side wall
profile, and variation 1n thickness across 1ts width as some
portions of the line are formed of a single deposit and others
are an overlay of two deposits.

To provide a more uniform sidewall profile (1.e., to reduce
scalloping), the second line to be overwritten on the first
deposited line 1s offset such that the center of the first of the
second deposits 1s oflset to a location 1242 between the
center and edge of the first deposit 1210 of the first line
1220, and each subsequent one of the second deposits 1224,
etc., are centered over the edge of the previous deposit of the
first line. To form the final thickness line, several such
overwrittings are contemplated, and a slight offset in the
position of the center of the overlaying deposits to a location
between the edge and center of an underlying deposit will
result in greater thickness uniformity, and reduced scallop-
ing, by shightly modifying the overlay regions of each
subsequent deposit. Additionally, to write a thicker line with
less scalloping, the tips may be moved by less than one-half
the diameter of the previously deposited material.

To etch features using the tip plate 100, instead of a
deposition precursor, such as silane, an etching precursor
selected to etch a film layer 1s provided. The positioning,
stepping and aligning of the tip plate 100 remain the same,
and the individual a-n remain independently biasable as with
the deposition example. For example, to etch features into
silicon, an HF precursor 1s introduced into the chamber 10,
after the tip plate has been arranged at a location where a
s1licon feature 1s to be formed from an underlying film layer.
FIGS. 13 to 19 show a sequence of etchings to form a three
dimensional feature shown 1n dashed line outline 1n FIGS.
13 and 14, within the underlying silicon material layer.

Referring to FIGS. 13 and 14, and using the same coor-
dinate system and relative locations of a-1 with respect to
positions 301a-/, the result of a first etching step 1s shown.
In this example, HF was introduced and a bias of approxi-
mately 10 volts 1s applied to ¢, 1, h and 1, resulting 1n etching
of generally circular recesses 501 ¢, f, /2 and / of one to
several silicon atoms deep into the silicon of exposed
surface 32 at locations 501e, / ~ and i. Thereafter, as shown
in FIG. 15, after moving the workpiece by one-haltf the
diameter of the tips, the tip 130/% associated with location
501/ 1s biased to cause the etchant to react, and thereby
etches a further generally circular area into the exposed
surface 32. Note that as a result of the previous etching step,
the area of overlap of the two etched locations or circle
extends deeper ito the silicon that do the areas of non-
overlap. Then, this incremental movement by about one half
the tip diameter 1s repeated, until an etched trough or trench
extends mwardly of the exposed surface 32 i1s a generally
straight line path from location 501/ to 501, and shown 1n
FIG. 16. Then, the relative position of the tip plate 100 and
workpiece 30 are returned to the position where the four
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etchings 1300 ¢, / /2 and i were performed, and then moved
in the Y direction to cause h and 130 of FIG. 2 to overlie the
dashed line positions shown i FIG. 17, at which point
voltage 1s applied to the h and 1 causing an opeming having
a few atoms of thickness to form in the underlying etched
surface corresponding to the dashed line outline location.
The workpiece 30 1s again moved in the Y direction relative
to the tip plate 100 by about one-half the diameter of the tips,
and the etching step 1s repeated. The etching steps are
repeated until an etched line 1342 and 1344 extends from
either end of the previously formed line 1340. The above
steps are repeated until a desired depth of the line 1s formed.
By offsetting the center of the tips involved 1n etching of the
lines from the position of the tip 1n the previously etched line
location, the scalloping of the side walls of the lines 1340-
1344 1s reduced. In further etch steps, the tips are moved
incrementally closer to the workpiece to maintain an equal
distance between the base of the etched feature and the ends
of the tips. This need not occur in every etching step, but
after 1 to 5 etchings of the complete line.

In another embodiment, an ALD (atomic layer deposition)
layer may be formed as a continuous layer on the surface of
the substrate, and the energy of the tips uses to selectively
cause the two or more components to react at the location of
a tip, thereby selectively causing tull ALD reaction at that
location. The forming of the ALD layer may be provided by
pulsing two (or more) different precursors at a temperature
below the ALD reacting temperature, followed by providing
a bias on one or more tips to supply sullicient energy for the
deposition reaction to go forward adjacent to the biased tip,
but msuilicient to activate the precursors mto a full CVD
mode. Additionally, the pulsing of the precursors to form the
ald layer, and the depositing of a film layer by selective
location ALD thereof, can occur at different times. Further,
the tip potential may remain at a reactant potential which the
tip 1s moving, potentially resulting 1n a more uniform line
thickness and wall profile. This may also be performed 1n the
previously described etch and deposition embodiments
herein, where the tip potential may remain to continuously
write lines and features on the workpiece. However, 1n a cvd
and etch mode where an previously positioned monolayer of
reactant atoms 1s used as i ALD to supply the reactant
species, this could lead to less uniform features based on the
available precursor molecules at any given location on the
workpiece, the speed of movement of the tips, the rate at
which the precursors are replemished, etc. In any event, the
intent herein 1s to provide the gaseous species imto the
chamber such that spontaneous reaction does not occur, and
using the tip potential to drive the desired reaction to
conclusion.

Additionally, although the number of tips and tip posi-
tioming by the tip plate 100 were discussed herein, for ease
of understanding, with respect to the nine a-1 1n the tip plate
130, each of the individual a-n 1s intended to operate in the
same fashion as those described, to enable the manufacturer
of an integrated circuit device to form dielectric, semicon-
ductive and conductive line, vias and contacts using gas
precursors and tips of an appropriate size. It 1s contemplated
herein that the maternials deposited following the teachings
hereof may be used directly 1n a finished integrated circuit,
or, they may be used as mask layers to pattern etch materials
they are ultimately formed over.

Referring again to FIG. 4, after performing the above
described etching of deposition steps at position 200, the
workpiece 30 and tip plate 100 are repositioned with respect
to each other, such that the tip plate 100 1s repositioned from
position 200 to position 202 over the exposed surface of the
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workpiece 20. The movement of the workpiece support 1s on
the order of slightly less than the length of the tip array 13,
such that 1n the new position, the imaging system 120 can
locate features previously written or existing on the work-
piece, and additional segments of such features may be
formed 1n location 202 to continue the feature from location
200. Again, the imaging system 120 can locate workpiece
features such as alignment marks, or previously formed
deposition or each features, and as required, move the
workpiece to position individual tips for forming locations at
desired locations on or in the exposed surface 32 of the
workpiece 30. Likewise, the tip plate will be repositioned to
accommodate any “tlt” misalignment, and the tips again
mapped to locate regions of non-uniformity that cannot be
compensated for by adjustment of tilt alone.

Referring now to FIGS. 20 and 21, there 1s shown a
schematic view of a workpiece support 20 specifically
configured to hold a workpiece 30 such as a semiconductor
substrate 2000 thereon, and precisely position substrate with
respect to a tip plate 100.

The support 20 1s positioned on the base of chamber 10,
and includes a first moveable base 2010, a second moveable
base 2020 moveable perpendicularly to first moveable base,
and a plurality of, in the embodiment shown four, piezo-
clectric actuators 2030 evenly spaced around the circumfier-
ence of the substrate 2000. First moveable plate 2010 plate
1s configured to be controllably moveable 1n the X direction
of the Figure with respect to the base of chamber 10, such
as by a linear motor coupling the base of chamber 10 and
first moveable plate 2010. Second moveable plate 1s move-
ably mounted on or over first moveable plate 2010 and
coupled thereto by a linear motor, such that second move-
able plate 2020 1s moveable 1n the Y direction orthogonal to
the x direction. Finally, the workpiece support 20 1s slidably
supported on the second moveable plate 20120 by move-
ment with the piezoelectric actuators 2030 which connect
the second moveable plate 2020 and the workpiece support
20. An elevator, not show, may be mcorporated into either of
the moveable plates 2010, 2020 to enable z position adjust-
ment. Also shown 1s tip plate 100, overlying a portion of
track 102 over which the tip plate 100 will be positioned
over the substrate 2000 for the forming of features thereon
or therein. Track 1s shown in dashed line outline, and only
partially shown, and 1s merely for illustration of one track
the tip plate encounter by movement of the workpiece.

In this embodiment, the location of the tip plate 100 1s
fixed 1n space, and only the substrate, by virtue of x, y and
7z motion 1s able to move under the tip plate 100 position.
Thus, mitial positioning of the substrate with respect to the
tip plate 100 1s accomplished by aligning the movable plates
to move the substrate having alignment marks thereon to the
tip plate, and then using the 1maging system 122 of the tip
plate 100 to cause alignment of the local position of the
substrate 2000 to the desired position of the pins 130 a-#
with respect thereto, followed by processing as was
described heremn to form desired features on or in the
substrate 2000.

Referring now to FIG. 22, another configuration of the tip
array 1s shown schematically. In this embodiment, the tip
plate 100 1s 1n the form an extended linear array, for example
80 rows of tips each on the order of 12.5 million tips long.
Continuing the spacing and sizing of the tips 1n the 2 mm by
2 mm tip plate, the tip plate 1n this embodiment 1s on the
order of 250 mm long and 2400 nm wide. In this embodi-
ment, the tip plate 110 may be of sutlicient length to overlie
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the entire workpiece 30 as shown 1n FIG. 22, thus reducing
the scanning distance of the workpiece 1n x-direction of the
Figure.

Referring now to FIGS. 23 to 29, the eflect of the process
sequence for preparing a tip plate of the present invention 1s
shown. Beginning at FIG. 23, a substrate 1000, having a
drive circuit formed thereon including a plurality of inter-
connects (wires) 1002 terminating therein 1s covered with a
hardmask layer 1004, such as a silicon nitride maternial, and
a photoresist layer 1006 1s formed thereover. In the Figure,
the photoresist layer 1006 has been exposed, such as by
¢-beam lithography, to open a feature 1003 in the resist, and
the underlying hardmask 1s pattern etched through the
teature to define opening 1008 therein between the under-
lying interconnects 1002 embedded 1n the substrate 1000.
The interconnects 1002 may be formed prior to forming the
tips 130, such as by etching deep vias 1into a substrate, and
terminating them inwardly of the final surface of the sub-
strate on which the tips 130 will be formed. Additionally, the
transistor array may be formed in the substrate before or
alter forming the tip array. The substrate may then be ground
on its back or reverse surface, to a desired spacing between
the back surface and the ends of the interconnect 1002,
tollowed by formation of the tips 130 on the back side of the
substrate. Alternatively, an epitaxial layer may be grown on
the front or rear surface of the substrates, and the tips 130
formed therein. In the figure, the substrate may comprise
silicon or doped silicon. Alternatively, the substrate may
include a silicon substrate on which the interconnects 1002
may be formed, over which a non-porous lithium aluminum
silicon oxide glass ceramic characterized by evenly-distrib-
uted nano-crystals within a residual glass phase, such as
Zerodur™ sold by Schott glass has been formed. The
non-porous lithium aluminum silicon oxide glass ceramic
layer may be formed directly on the substrate, or adhered
thereto, such that the interconnects 1002 extend inwardly of
the non-porous lithum aluminum silicon oxide glass
ceramic layer. This structure will provide higher thermal
dimensional stability over a temperature range than will a
silicon based tip. As described herein with respect to a
silicon substrate 1000, the non-porous lithium aluminum
s1licon oxide glass ceramic layer may be etched as described
herein to provide the individual, nanometer scaled, array of
t1ips.

The structure of FIG. 23 1s exposed to an etchant 1n a
plasma etch chamber wherein anisotropic etching is per-

formed to form trenches 1010 1n the substrate 1000, leaving
isolated mesas 1012 surrounded thereby as i1s shown 1n
FIGS. 24 and 25. The trenches 1010 terminate in the
substrate 1000 at a location below the terminus of the
interconnects 1002, 1. e., the interconnects extend inwardly
of the mesas 1010. Thereafter, as 1s shown 1n FIG. 26, the
trenches are filled with an 1solating material 1014, such as
s1licon nitride.

After forming the 1solating trenches 1012, the substrate
1000 1s covered with a hardmask 1020 material such as
silicon nitride, which may be formed thereon during the
filling of the 1solation trenches 1010, and a photoresist 1022
1s again formed over the hardmask 1020 material and
patterned, followed by etching of the hardmask material as
shown 1n FIG. 27. The resulting structure has a generally
circular 1n cross section layer of silicon nitride hardmask
1026 remaining in the center of each mesa 1012, and the
s1licon nitride 1solating material 1014 remaining but exposed
through the opening 1n the hardmask 1020 1n the 1solation
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Thereafter, the underlying substrate 1s anisotropically
cetched 1n a plasma etch chemistry selected to etch the
underlying mesa 102 material faster than the overlying
hardmask 1020 material. As a result, as shown 1n FIG. 28,
as etching progresses, the cross section of the hardmask
becomes reduces by chemical etching, as does 1ts thickness,
but the etching of the exposed mesa 1012 material proceeds
at a much faster rate, defining a conical structure 1n the mesa,
a precursor to the individual tips 100, and reducing the
height of 1solating material 1014 surrounding each mesa
1012. As etching progresses, individual tips 110 are formed,
cach having an end of an interconnect 1002 extending
therein, and 1solated from an adjacent tip 100 by 1solation
material 1014 as shown 1 FIG. 29. Thus, each tip 110 1s
independently addressable through an interconnect 1002,
and 1solate from each adjacent, independently addressable
tip 100. In the above description, the substrate material 1s
s1licon, and the interconnect material may be a metal such as
tungsten or a doped polysilicon. To remove the remaiming
silicon nitride hardmask, and the isolating silicon mitride
material extending between the tips 110, the structure of
FIG. 29 1s exposed to an etchant highly selective to silicon
nitride over silicon, such as an N, O plasma to which small
amounts of a fluorine based chemistry, such as CF or NF,
resulting in a 40 to 1 resulting 1n a high degree of etching of
the silicon nitride hardmask 1026 and 1solation material
1010, and minimal etching of silicon of the tip 110, to vield
the result of FIG. 30. In addition, FIG. 30 shows a spin on
hardmask material 1140 applied to the structure, filling the
space between the tips 110, but formed such that the
individual tips 110 extend slightly outwardly therefrom.

Thereatter, If further reduction of the tip size at the end
1030 1s desired, the structure shown i FIG. 29 may be
turther coated, such as by a spin on resist, to leave only the
ends 1030 of the tips 110 exposed as shown 1n FIG. 30, and
further etching 1n a plasma etch environment may be per-
formed to further reduce the diameter of the end 1030 of the
tips 110 as shown in FIG. 31.

The tip plate 100 and transistor array for individually
addressing a bias to each tip 110 in the array are formed 1n
a single substrate, such as a silicon water. The transistor
array may be formed directly over the tip plate 100, or may
extend from the periphery thereof, as 1s known 1n the art for
controlling the reading and writing of an integrated circuit
memory device.

As shown 1n FIG. 32, a series of individual transistors
1040 are arrayed along the length direction of several tips
110 A source line S extends across the series of transistors
and 1s interconnected to the source 1042 of each transistor
1040. The drain 1046 of each transistor 1s connected,
through interconnect 1002, to an individual one of tips 110.
The gate 1048 of each transistor 1040 1s independently
connected to an individual gate line 1050, each of which
may be independently addressed to allow the source 1042 to
bias the interconnect 1002. Alternatively, the source and
drain connections of the transistor may be switched, with the
source connected to the interconnect and the drain connected
to the source line.

Although the formation of features by deposition to the
tull feature size by repeated positioning of the probe array
and energizing of the tips 1n the presence of a deposition
reactant, the features may be formed by depositing a the
outline of the features on the substrate in one or several
passes of the tips over the feature locations 1n the presence
of the deposition precurser, and then forming the full feature
by selective deposition of a material on the partially formed
feature. For example, a tungsten feature may be formed by
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the tip array, and then the substrate may be moved into a
tungsten chemical vapor deposition chamber where it 1s
exposed to decomposed tungsten hexatluoride and tungsten
selectively deposits over the previously partially formed
tungsten feature.

The embodiments herein provide a tip array having indi-
vidual tips therein, wherein the bias on each tip in the array
may be selectively biased or not biased as the tip array 1s
spaced over a workpiece. By biasing an individual tip spaced
from the workpiece, a portion of the workpiece directly
underlying (approximately the portion of the substrate shad-
owed by the tip) may be modified by the presence of the
clectric field at the end of the tip. This modification can be
a direct modification of the workpiece surface, such as
causing a reaction among materials at the surface, or reactant
(s) may be introduced between the tip and the workpiece,
and the potential on the tip causes a reaction of the reactants
to cause the modification. As described herein, ALD reac-
tions, chemical reactant deposition reactions and workpiece
material etching reactions are all enabled by the embodi-
ments. However, other reactions, such as direct modification
of the material on or of the workpiece surface, such as direct
ctching of the workpiece, or changing of a property of the
workpiece surface such as causing reactants of dopant
materials with the workpiece surface to form junctions, such
as p-n junctions, are also enabled hereby, all at a scale on the
order of nanometers. By moving the tip array and selectively
biasing tips 1n desired patterns as the tip array 1s moved over
the workpiece, lines, pillars and other three dimensional
features can be written or formed, again on a scale of
nanometers, potentially as small as a single atom.

The tip arrays may be manufactured using traditional
semiconductor and MEMS manufacturing techniques, using
¢ beam lithography to pattern resist materials only for the
smallest features thereof. Multiple tip arrays may be formed
on a single substrate, for example a silicon substrate, and the
transistor array and logic circuitry for driving individually
addressing the tips may be formed in the same substrate,
betfore or after, or 1n some fabrication process steps, simul-
taneously with steps forming the tip array. Thus, for tip
arrays on the order of several mm square, the tip array
portion may form only part of the device, and a peripheral
area of the same substrate may include logic circuitry, and
some or all of the transistor array. Thus, multiple such
devices may be formed simultaneously on a semiconductor
substrate, enabling volume manufacturing of tip arrays.

We claim:

1. A method of forming a tip plate useful for the direct
formation of features on a workpiece, comprising;

providing a substrate;

forming a plurality of interconnects terminating therein;

forming a plurality of transistors on or in the substrate,

and connecting a source or drain of a transistor of the
plurality of transistors to an interconnect of the plural-
ity of interconnects; and

pattern etching the substrates to form tips having an

alignment such that an individual tip 1s formed over
cach interconnect.

2. The method of forming a tip plate of claim 1, further
including the step of forming an 1solation trench around each
t1p.

3. The method of forming a tip plate of claim 2, wherein
the 1solation trench 1s formed before the tip 1s formed.
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4. The method of claim 2, wherein the 1solation trench
extends imnwardly of the substrate beyond the terminus of the
interconnect in the substrate.

5. The method of forming a tip plate of claim 4, wherein
the 1solation trench 1s formed by anisotropic etching.

6. The method of forming a tip plate of claim 1, wherein
the substrate comprises silicon or doped silicon.

7. The method of forming a tip plate of claim 1, wherein
the plurality of interconnects are made of a metal or doped
polysilicon.

8. A method of forming a tip plate useful for the direct
formation of features on a workpiece, comprising;

providing a substrate;

forming a plurality of interconnects terminating therein;

forming a plurality of transistors on or 1n the substrate,

and connecting a source or drain of a transistor of the
plurality of transistors to an interconnect of the plural-
ity of 1nterconnects;

pattern etching the substrates to form tips having an

alignment such that an individual tip 1s formed over
each interconnect; and

forming an 1solation trench around each tip of the tips,

wherein the 1solation trench 1s formed by anisotropic
etching.

9. The method of forming a tip plate of claim 8, wherein
the 1solation trench 1s formed before the tip 1s formed.

10. The method of claim 8, wherein the 1solation trench
extends imnwardly of the substrate beyond the terminus of the
interconnect in the substrate.

11. The method of forming a tip plate of claim 8, wherein
the substrate comprises silicon or doped silicon.

12. The method of forming a tip plate of claim 8, wherein
the plurality of interconnects are made of a metal or doped
polysilicon.

13. A method of forming a tip plate useful for the direct
formation of features on a workpiece, comprising;

providing a substrate wherein the substrate comprises

silicon or doped silicon;

forming a plurality of interconnects terminating therein,

wherein the plurality of interconnects are made of a
metal or doped polysilicon;

forming a plurality of transistors on or in the substrate,

and connecting a source or drain of a transistor of the
plurality of transistors to an interconnect of the plural-
ity of interconnects; and

pattern etching the substrates to form tips having an

alignment such that an individual tip 1s formed over
cach interconnect.

14. The method of forming a tip plate of claim 13, further
including the step of forming an 1solation trench around each
t1ip.
15. The method of forming a tip plate of claim 14,
wherein the 1solation trench 1s formed before the tip 1s
formed.

16. The method of claim 14, wherein the 1solation trench
extends inwardly of the substrate beyond the terminus of the
interconnect 1n the substrate.

17. The method of forming a tip plate of claim 16,
wherein the 1solation trench 1s formed by anisotropic etch-
ing.
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